Abstract-We synthesized silver nanoparticles of different sizes and
forms as a function of the molar masses of AgNO3, in two different solvent mediums (ethanol, methanol). We carried out the synthesis according to standard chemical route with major modifications. The spectroscopic characterization showed the presence of two distinct absorption bands; the first band at 300nm and the second shifted to 440nm. We found a multipolar phenomenon depending on temperature. The shape and size predicted by the numerical model conform to the experimental results. The study demonstrated that the nanoparticles have a spheroidal shape.
Silver nanoparticles are particularly attractive due to their unique optical properties. For example, they exhibit a strong absorption band in the UV-visible region [1] . Noble metals nanoparticles are used in many applications such as chemical sensors, biological sensors and imaging as well as the targeted photothermal treatment of various diseases such as cancer [2] [3] .
In addition, metal nanoparticles can be prepared with high accuracy in a range of well-defined structures like spheres, rods and wires by various methods, physical or chemical [4] . The studies have shown that the size and shape as well as physical and chemical properties of metal nanoparticles are strongly influenced by experimental conditions. The study of the synthesis of these nanoparticles as a function of reducing agents, stabilizers and physical conditions such as temperature is very interesting [5] [6] [7] . Therefore, the modeling of a synthetic process for controlling these parameters is one of major interests of ours.
The first objective of this work focuses on the synthesis of silver nanoparticles by chemical reduction of the AgNO 3 precursor, for different molar masses, in two different solvents (ethanol and methanol). The second is the evaluation of the size and shape of the synthesized nanoparticles by a theoretical approach based on numerical analysis, depending on the refractive index of the obtained colloidal solution.
First, we used 0.0025 mole of AgNO 3 , mixed with 10 ml of ethanol. The mixture was then added to a solution of benzoic acid (0.5 g in 10 ml of ethanol), and to a PVP * E-mail: daoudi.chouaib@gmail.com solution (1 g in 10 ml of ethanol). The resulting solution is vigorously stirred with a magnetic stirrer at room temperature for 20 minutes. Next, the solution is heated to different levels of temperature (40°C, 50°C, 60°C, and 70°C). After that, different samples are collected in test tubes and labeled accordingly. A second set of samples was prepared by replacing ethanol with methanol, under the same conditions for each elaboration step. The color of samples gradually changes from yellow, dark yellow to reddish brown. Then, we varied the quantities of AgNO 3 (0.0015, 0.0025, 0.0030, 0.0035 mole) while keeping the other parameters constant.
The UV-Vis spectra of silver nanoparticles were recorded at room temperature using an Ultrospec 2100 PRO spectrophotometer with a standard quartz cuvette of 10 mm optical path.
We have characterized our colloidal solutions at 0.0025 mole of AgNO 3 , collected at different temperatures in the two solvents. In all obtained results, whatever the parameters used (see Figs. 1÷2), we find the appearance of two distinct absorption bands; the first band appears at low wavelengths around 300nm whereas the second is shifted to longer wavelengths around 440nm. These two absorption bands (300nm and 440nm) are certainly due to the presence of two symmetry axes (a and b) and the aspect ratio a/b (see theoretical model below); therefore, we think that the synthesized nanoparticles are mostly nanorods or spheroids.
Figure1 shows the absorption band toward 440nm for silver nanoparticles in both solutions. Noting that in ethanol solvent, when the temperature increases, the absorption band intensity increases as well and without any variation in the peak positions; further, the full width at half maximum (FWHM) is still somewhat narrow. However, in a methanol solvent, the intensity of the absorption peak grows randomly, with respect to a temperature rise; although the absorption peak shifts to the right towards higher values, yet the appearance of another absorption band is noticed. In addition, we found that the positions of the absorption bands depend linearly on the dielectric constant of the medium; indeed, for both methanol and ethanol solutions, the measured refractive indices are 1.37 and 1.34, respectively, the position of absorption bands registered for methanol is shifted compared to the ethanol solution. These results provide information about the presence of an agglomeration phenomenon, and clusters creation particularly in a methanol medium. In addition, beyond 60°C, methanol reaches its boiling point and easily evaporates thus reducing its solvation process. Indeed, the presence of a PVP stabilizer during the chemical reduction process is to avoid precipitation and agglomeration of nanoparticles. However, we found that precipitation is limited with an ethanol solvent. On the other hand, with the methanol solvent, the absorbance peak is decreased and red-shifted. This phenomenon of agglomeration and precipitation of nanoparticles in different mediums has been observed by several authors [8] [9] . Then, we changed the molar concentration of AgNO 3 from 0.0015 mole to 0.0035 mole under the same conditions at ambient temperature. The best results are obtained at a concentration of 0.0025 mol. Better absorption peaks are noted and the spectrums less spread, in contrast with the other concentrations (see Fig. 2 ).
Elsewhere it is reported that the significant broadening of the resonance band, and the increase in the FWHM, of the corresponding peaks; (Fig. 2b) , are the consequence of an increase in the size of the nanoparticles [10] . This increase of the nanoparticles can be explained by the agglomeration phenomenon, present in a methanol medium. Moreover, several authors have reported [9] - [11] that during the precipitation of two or more nanoparticles, the resulting absorption peak corresponds to the total volume of the new structure of the nanoparticles, which in most cases form a spheroidal shape with the corresponding volume and aspect ratio of initial nanoparticles.
The optical modeling of silver nanoparticles has been performed by the finite element method (FEM) [12] , in which the variation in the absorption cross section is calculated with respect to the refractive index of a surrounding medium. The latter is ethanol (n m =1.34) and methanol (n m =1.37), respectively. The silver nanoparticle is modeled by 3D simulation using the commercial software COMSOL Multiphysics [13] . The electric field E is calculated using the Helmholtz equation [14] :  is the permittivity of vacuum and m n is the refractive index of a surrounding medium.In order to predict the shape of silver nanoparticles in our solution, we considered three geometrical models: spherical, rod and spheroid (Fig. 3) for different diameters ranging from D = 8 nm to 12 nm and an aspect ratio between 1.2 and 1.5. The sizes of the silver nanoparticles are estimated from transmission electron microscopy results with correlation to imageJ particles analysis function [15] . The permittivity values of silver nanoparticles are extracted from Palik experimental data [16] . The nanoparticles are supposed to be immersed in a spherical environment surrounded by perfectly matched layers (PML); we have applied scattering boundary conditions on the external surfaces to consider an infinite domain. The nanoparticle is excited by an electromagnetic wave 400 nm to 800 nm long, polarized parallel to the major axis in the case of the spheroid and the rod. Typically, we assumed a diameter of 12 nm for the three types of nanoparticles and then varied their lengths between 8 nm to 10 nm for the spheroid and the rod, which corresponds to the aspect ratio of 1.2 to 1.5. Figure 4a shows the comparison of calculated absorption cross section for the three models with a fixed diameter, length and major axes D, L, M = 12 nm and fixed minor axes of 8.5 nm. The optimization of the absorption cross section for a spheroid nanoparticle is illustrated in Fig. 4b . The best results are obtained for the nanospheroid, especially for the geometrical parameter of (M =12 nm and minor axes of 8.5 nm). The numerical results are in agreement with the experimental results, especially for those forms and dimensions. Indeed, Fig. 5 shows the correlation between the calculation and experimental spectra for the solution of silver nanoparticles with 0.0025 mole in the ethanol solvent at a temperature of 30°C.
Besides, the empirical spectra are broader than the simulated. Further, in the numerical calculation, we considered that the nanoparticles are isolated and homogeneous with regular shapes, on the other hand, for the experimental characterization, the nanoparticles in the colloidal solution have a random distribution, with complex forms due to the precipitations, agglomerations and different orientations to the incoming light. These parameters play an important role in the broadening and enhancing of experimental spectra, which explains the difference between the two spectra. In summary, we have synthesized silver nanoparticles by chemical route, for different molar masses of AgNO 3 (0.0015 mole to 0.0035 mole) in two different solvents (ethanol and methanol). The UV-VIS absorption showed the emergence of two distinct absorption bands one at 300 nm and the other at 440 nm. This proves the existence of heterogeneous forms in the solution, which is confirmed by the theoretical model. We asserted that the synthesized silver nanoparticles are of spheroidal shape and about 12 nm size. Furthermore, we found in the methanol medium, a significant broadening of the resonance band, and important values of FWHM, of the corresponding peaks; the consequences of increasing the size of nanoparticles and the appearance of the agglomeration phenomenon. The best numerical results in agreement with the experimental results are obtained for a nanospheroid with the 1.4 aspect ratio.
